The objective of the study was to evaluate major adverse cardiovascular events (MACE) after successful versus failed percutaneous coronary intervention for chronic total occlusion (PCI-CTO).
P ercutaneous coronary intervention (PCI) of a chronic total occlusion (CTO) is one of the major challenges in interventional cardiology. CTO, defined as a complete arterial occlusion TIMI [Thrombolysis in myocardial infarction) 0 flow] of at least 3 months duration, occurs in approximately 15-30% of all diagnostic coronary angiography procedures, 1, 2) and in 5% of coronary computed tomography angiography studies.
3) Although the treatment of CTO remains a technical challenge and 20-35% of CTOs are still not revascularized by PCI even when performed by experienced operators, 4, 5) successful PCI of CTO has been shown to improve left ventricular (LV) systolic function, reduce angina, increase exercise capacity, and reduce the need for late by-pass surgery. 4, 6, 7) On the other hand, CTO patients who were not revascularized had a significantly higher rate of cardiac mortality and sudden cardiac death compared with those who were revascularized. 8, 9) The aim of this single center retrospective study was to compare the long-term outcomes of patients with successful versus unsuccessful PCI of a CTO and to assess the mortality rate related to the location of the occluded vessel.
Methods
Out of 3040 elective PCI performed from January 1, 2009 until December 31, 2010, we retrospectively analyzed 283 consecutive patients (mean age, 58.5 ± 9.5 years, 81% male) in whom PCI of CTO was attempted. All procedures were performed at the Catheterization Laboratory of the Cardiology Department, Clinical Center Stojkovic, ET AL of Serbia, Belgrade. Follow-up for adverse clinical events was conducted by telephone contact; in the case of an adverse event, an outpatient medical visit was performed and hospital records were collected.
Demographic and clinical characteristics of the study population, angiographic characteristics of the lesions, procedural characteristics of PCI, and procedural complications were collected from our CTO database.
A CTO lesion was defined as an obstruction of a coronary artery with TIMI flow grade 0 with an estimated duration of at least 3 months. Duration of occlusion was estimated on the basis of history of angina, the interval from the last episode of acute coronary syndrome consistent with the location of the occlusion, or proven by previous angiography. Procedural success was defined as final residual stenosis less than 30%, with TIMI grade flow 3.
Major adverse cardiac events (MACE) were defined as cardiac death, myocardial infarction (MI), and target vessel revascularization (TVR), either percutaneous or surgical. All deaths were considered cardiac unless otherwise documented. Non Q-wave myocardial infarction was defined as a creatine kinase-MB enzyme elevation > 3 times the upper limit of the normal value; when new pathological Q waves in addition to enzyme elevation were observed in an electrocardiogram, the event was defined as a Q-wave myocardial infarction. TVR was defined as a repeat revascularization within the treated vessel. Statistical analysis: Categorical variables are expressed as numbers and percentages, and continuous variables as the mean ± standard deviation. After testing for normal distribution, differences were compared using the unpaired Student t-test, chi-square test, Mann-Whitney test, and/or?? ANOVA where appropriate. Univariable and multivariable logistic regression analyses were used to identify predictors of procedural success.
A propensity score was constructed using binary logistic regression where the dependent variable was procedural success and predictors were clinical and angiographical variables that are known to be related to clinical outcomes (MACE): age, gender, diabetes mellitus, arterial hypertension, smoking, previous MI, previous PCI, coronary artery, CTO length, presence of calcifications, tortuosity, and stump morphology.
A propensity score-adjusted Cox regression was performed to assess the relation between procedural success and MACE, controlling for group differences.
Event-free survival curves for adverse cardiac events were estimated by Kaplan-Meier method and compared by the log-rank test. A P value less than 0.05 was considered as statistically significant. All statistical analyses were performed with SPSS version 21.
Results

Study population:
The study population consisted of 283 patients with 289 chronic total coronary occlusions in whom percutaneous recanalization was attempted.
The characteristics of the patients are summarized in Table I . Based on procedural success, the patients were divided into two groups: a procedural successful group (n = 178; 63%) and a procedural failure group (n = 105, 37%). There were no statistically significant differences in demographic and clinical characteristics between the two groups, except for the higher incidence of a previous myocardial infarction (P = 0.023) and lower incidence of unstable angina (P < 0.001) in the failure group of patients. Angiographic characteristics: Regarding angiographic characteristics, there were certain differences between the successful and failure groups -lesions longer than 20 mm, more tortuous vessels, and calcifications were all more frequent in the failure group. Furthermore, a side branch at the site of the occlusion, blunt stump morphology, and lower contrast consumption were significantly more frequent in the procedural failure group (Table II) . The periprocedural complication rate was similar in both groups (Table III) .
Procedural success was achieved in 180 lesions (62.3%), while procedural success was absent in 109 attempts (37.7%). Based on these procedural outcomes, the lesions were divided into two groups: a procedural success group (n = 180) and a procedural failure group (n = 109). There were no statistically significant differences in procedural characteristics between the 2 groups.
By univariable analysis (Table IV) , the following factors were identified as predictors of procedural failure: previous myocardial infarction (P = 0.023), occlusion length > 10 mm (P = 0.037), occlusion length > 20 mm (P = 0.003), presence of tortuosity (P < 0.001), mild calcified lesions (P = 0.012), moderately calcified lesions (P = 0.025), severe calcified lesions (P = 0.001), presence of a side branch at the site of occlusion (P = 0.004), and blunt morphology of the occlusion (P < 0.001). Unstable angina pectoris (P = 0.001) and tapered stump morphology (P = 0.001) were identified as a predictors of procedural success.
Multivariable analysis identified tortuosity (P = 0.007), calcifications (P < 0.001), and blunt stump as independent predictors of procedural failure, whereas unstable angina pectoris was found to be a predictor of procedural success (P = 0.009).
Overall rate of major adverse cardiovascular events (MACE):
The median follow-up period was 66 months (IQR 59-74). Out of 283 patients, 48 (17%) were lost to follow-up.
The total number of MACE was 57/235 (24.3%), and there were significantly more in the procedural failure group than in the procedural success group (33/87, 37.9% versus 24/148, 16.2%, P < 0.001). The all-cause mortality rate was significantly higher in the procedural failure group (20.7%) than in the procedural success group (10.8%, P < 0.05). Also, there was a slightly higher rate of cardiovascular death in the procedural failure group (14.9%) than in the procedural success group (7.4%), P = 0.066). The rate of TVR (both PCI and CABG) was statistically higher in the procedural failure group (P = 0.009) ( Table V) . Non-adjusted analysis: Procedural success was found to be a significant predictor of MACE by univariable Cox regression analysis (HR 0.423; 95% CI 0.243-0.739; P = 0.002).
BETTER OUTCOME WITH SUCCESSFUL PCI OF CTO Propensity-score adjusted analysis: Propensity scoreadjusted Cox regression showed that procedural success remained a significant predictor of MACE (adjusted HR 0.402; 95% CI 0.196-0.824; P = 0.013). Kaplan-Meier curves showed significantly better survival without MACE in the group of patients with successful treatment of CTO. Average survival free of MACE time in the procedural success group was 69 ± 2 months and 56 ± 3 months in the procedural failure group (Log rank 15.247, P < 0.001. HR 2.7, 95% CI 1.610-4.163, P < 0.001) (Figure 1 ).
Although opening a CTO of a target vessel was associated with increased average MACE free time, there was no difference regarding a treated coronary artery (Log rank 2.098, P = 0.350, LAD compared to Cx HR 2.4, 95% CI (0.690-0.8.060), P = 0.171, RCA compared to the Cx HR 0.796, 95% CI (0.313-2.021), P = 0.631, LAD compared to the RCA HR 1.4, 95% CI (0.787-2.441), P = 0.259) (Figure 2) . Figure 3A , B, and C show the Kaplan-Meier survival curves with respect to CTO-PCI success or failure according to the treated vessel. Survival was significantly better without MACE between CTO-PCI success and CTO-PCI failure in patients with CTO of the left anterior descending artery (LAD). In LAD patients, average survival free of MACE time in the procedural success group was 72.8 ± 2.4 months, and 59.9 ± 6.8 months in the procedural failure group (LogRank 14.638, P < 0.001).
There were no differences between CTO-PCI success and CTO-PCI failure in patients with CTO of the right coronary artery (RCA) (Log rank 2.850, P = 0.091) or circumflex artery (LCx) (Log rank 1.149, P = 0.284).
Discussion
This was an observational retrospective, nonrandomized study that included 283 patients with 289 CTO lesions, who were treated with PCI during a 2-year period. The main finding of this retrospective analysis is the occurrence of significantly more major adverse cardiovascular events in patients with unsuccessful recanalization of the CTO during long-term follow-up of more than 5 years. The other clinically important finding refers to the independent angiographic characteristics of the patients Stojkovic, ET AL with failed CTO opening who demonstrated longer occlusions, more tortuous arteries, and calcified lesions with a blunt stump.
Several characteristics of the current study should be highlighted in order to organize a comparison with the results of previous studies and to put the results into a proper perspective. In previous studies, different demographic characteristics were associated with procedural failure. Analysis from the UK Central Cardiac Database 10) reported that age, smoking, increased body mass index, previous CABG, peripheral vascular disease, and previous MI were associated with failure of CTO revascularization. In addition, and similarly to our study, a large Mayo Clinic registry 11) showed a higher incidence of previous MI and smoking history in the group of patients with procedural failure. A South Korean study by Lee, et al 12) reported that older patients, a higher incidence of previous MI, and previous PCI were more frequent in the procedural failure group. Studies which reported a significant number of patients treated with PCI CTO (Hoye, et al, European Registry of Chronic Total Occlusion and TOAST-GISE study) did not find statistically significant differences in demographic characteristics between patients with procedural success and procedural failure. 7, 13, 14) In our study, there was no correlation between demographic characteristics and procedural failure, except with respect to the incidence of previous myocardial infarction, which was statistically higher in this group of patients. Also, we found that unstable angina pectoris was a predictor of procedural success, which can be partially explained by the fact that symptomatic patients more often have recanalization attempts and eventually successful CTO opening.
Concerning the angiographic details of the CTO recanalization failed procedures, Galassi, et al also found that a blunt stump, CTO length > 20 mm, and the presence of severe calcifications were recognized as independent predictors of procedural failure.
14) Also, Rathore, et al observed correlations between severe calcification, vessel BETTER OUTCOME WITH SUCCESSFUL PCI OF CTO The P values were calculated using the log-rank test. Log rank 14.638, P < 0.001. B: Survival without MACE in patients with total chronic occlusion (CTO) of the right coronary artery (RCA). Kaplan-Meier curves showing event-free survival from MACE -percutaneous coronary intervention (PCI) success when compared to patients with CTO-PCI failure. The P values were calculated using the log-rank test. Log rank 2.850, P = 0.091. C: Survival without MACE in patients with total chronic occlusion (CTO) of the left circumflex coronary artery (LCx). Kaplan-Meier curves showing event-free survival from MACE-percutaneous coronary intervention (PCI) success when compared to patients with CTO-PCI failure. The P values were calculated using the log-rank test. Log rank 1.149, P = 0.284.
tortuosity, and side branch origin at the CTO proximal cap, with procedural failure. 15) Similarly, our study revealed that after multivariate analysis, calcifications, tortuosity, and blunt stump morphology were independent predictors of procedural failure.
The rate of CTO PCI procedural success in our study was 62.3%. According to the meta-analysis of 13 observational studies, success was achieved in 51 to 74% of CTO recanalization procedures. 16) However, over the last several years, significant progress in technology, materials, techniques, and operator experience in PCI CTO improved procedural success to almost 90%, and more. [17] [18] [19] [20] [21] [22] Regarding mortality, a report from the UK Central Cardiac Database showed that successful CTO intervention was associated with improved long-term survival.
Furthermore, this improvement was most pronounced in the group of patients with complete revascularization. 10) They also found no evidence that the location of the occluded vessel was associated with differences in mortality outcomes. This is in concordance with our results which demonstrated a worse outcome in patients with procedural failure.
Our study showed that all-cause mortality was significantly reduced with successful recanalization of CTO. In some previous studies, successful percutaneous revascularization of a CTO led to a significantly improved survival rate and a reduction in major adverse events at 5 years. 13) On the other hand, Lee, et al did not find a significant relation regarding all-cause mortality between successful and failed CTO recanalization.
23) The explanations they proposed included both the low rate of serious complications and the high rate of CABG in the failed PCI group. 24) This study also observed significantly better MACE free survival overall in the group of patients with successful treatment of CTO, particularly in patients with a chronically occluded LAD. Possible explanations for the clinical benefit of CTO revascularization survival may include an improvement in LV function in patients with viable myocardium, prevention or slowdown of ventricular remodeling, a decrease in electrical instability, associated risk of fatal arrhythmic events, and increased tolerance of future coronary occlusion events. [25] [26] [27] [28] [29] Study limitations: This was an observational and retrospective study unpowered to evaluate clinical outcome in terms of major cardiovascular events between CTO successful and failed procedures. The major limitation refers to the moderate procedural success of the procedures performed earlier, but still reflecting the worldwide clinical success of CTO recanalization. From one perspective, this time period allows for the evaluation of long-term followup and survival, but it suffers from improved technological aspects of CTO procedures and an angiographic successful rate that was significantly improved in the last years. Also, long-term follow-up increases the number of patients lost in the follow-up.
Conclusion
Our study emphasizes the importance of CTO recanalization in improving long-term outcome, including allcause and CV mortality, particularly in patients with chronically occluded LAD. In addition, the moderate procedural success of our study in previous years indirectly supports new technological refinements of the procedure that might more easily overcome independent predictors of procedural failure (long, tortuous, calcified lesions with blunt stump), increase the success rate of the procedure, and consequently improve the clinical long-term outcome.
Disclosures
Conflicts of interest: None declared.
